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We examine the correlation between physical quantities to explore the existence of dark matter (DM) in
the Local Group dwarf spheroidal galaxies (dSphs). In order to clarify whether DM exists in the dSphs we
compare two extreme models of their internal kinematics: [1] a tidal model (the mass of a dSph is estimated
with the luminous mass, since the observed large velocity dispersions of the dSphs are attributed to the
tidal force by the Galaxy), and [2] a DM model (the mass of a dSph is estimated with the virial mass, since
the velocity dispersion is considered to reflect the DM potential). In both models, we nd that the relation
between the surface brightness of the dSphs and the tidal force by the Galaxy is consistently interpreted.
This makes a critical remark about the previous studies that concluded that the tidal force is eective for
the dSphs based only on model [1]. We also check the correlation between the Galactocentric distance and
the tidal force. Consequently, both models are also supported in this test. Thus, we are unable to judge
which of the two is more promising for the dSphs in correlation investigations. The physical process of tidal
disruption is also considered. Since the timescale for the tidally perturbed stars to escape is much shorter
than the orbital periods of the dSphs, it is dicult for the tidally perturbed dSphs to exist as an assembly.
Thus, we suggest that the gravitational eld of DM is necessary to bind the dSphs with a large velocity
dispersion.
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Introduction
Recent observations have been revealing the properties of the Local Group dwarf spheroidal galaxies
(dSphs). The dSphs have luminosities of order 105{107 , and are characterized by their low surface bright-
nesses (Gallagher, Wyse 1994 for review). The observations of such faint objects are important for several
reasons. For example, in a galaxy-formation theory based on the cold dark-matter (CDM) model, low-mass
galaxies are considered to be the rst bound luminous objects (e.g., Blumenthal et al. 1984). Thus, the
dSphs are expected to have a large amount of the CDM (see also Flin 1999 for an observational approach).
To date, the stellar velocity dispersions of dSphs have been extensively measured (e.g., Mateo et al.
1993 and references therein), which, in general, indicate a too large mass to be accounted for by the visible
stars in the dSphs. In other words, dSphs generally have high mass-to-light ratios (Mvir/LV , where Mvir is
the virial mass calculated from observed size and stellar velocity dispersion and LV is the total luminosity
at the V band; the 6th column in table 1). This fact can imply the presence of dark matter (DM) in these
systems (e.g., Mateo et al. 1993). The existence of DM is also supported by the large spatial distribution of
stars in their outer regions (Faber, Lin 1983; Irwin, Hatzidimitriou 1995).
However, the above arguments may be challenged if we take into account the tidal force exerted by
the Galaxy. If a dwarf galaxy orbiting the Galaxy is signicantly perturbed by the Galactic tidal force, the
observed velocity dispersion of the dwarf galaxy can be larger than the gravitational equilibrium dispersion
(Kuhn, Miller 1989; Kroupa 1997). Moreover, the results in Kuhn (1993) imply that the lifetimes of internally
unbound satellites might be longer than one orbital period (but see Johnston 1998). The timescale for such
an unbound object to survive is estimated later in this paper (subsubsection 3.2.1). This tidal picture of
the dSphs also suggests that the large velocity dispersions do not necessarily show the existence of DM (but
see Piatek, Pryor 1995; Oh et al. 1995). We will consider whether the observed large mass-to-light ratios of
dSphs are really due to the tidal eect.
The plan of this paper is as follows. First of all, in the next section, we present correlations among the
observed quantities. We summarize our results in section 3. In the same section, some discussions are also
made, and we comment about the environmental eects on the dSphs.
Correlation among Observed Quantities
Surface Brightness and Galactocentric Distance
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In this section, we consider what determines the physical condition of the dSphs. We re-examine the
correlation which Bellazzini et al. (1996; hereafter B96) have presented.
First, a dimensionless form of the Galactic tidal force is dened. The Galactic potential is modeled by
a spherical dark halo with a flat rotation curve of amplitude Vrot (Honma, Sofue 1997 for the latest results).
We assume that the dark halo extends up to RGC = 100 kpc. With the above flat-rotation model of the
Galactic potential, the mass of the Galaxy within the Galactocentric distance RGC is expressed as eqnarray
MG(RGC) =
{
arrayllV 2rotRGCG = 1.1× 1012 (RGC100 kpc) for RGC ≤ 100 kpc, 1.1× 1012for RGC ≥ 100 kpc,
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